sedimentation coefficient (S2o0,) of 17. Goat anti-a-2-macroglobulin specifically precipitated the clostridial proteinase inhibitor from a partially purified preparation.
During studies on an anti-complementary (anti-C') proteinase secreted by Clostridium histolyticum (5) , it was noted that the rate of inactivation of guinea pig hemolytic complement (C') -decreased as the temperature of C' and proteinase incubation was increased. This observation suggested that an inhibitor might be present in guinea pig serum, since normal temperature-activity relationships were found for the caseinolytic and endotoxin-solubilizing activities of the proteinase. Inhibition of bacterial proteinases by normal, nonimmune sera from various species has been reported (3, 20, 21) , but the inhibitory property has not been well characterized.
One aspect of the present studies was to determine the relationship of the clostridial proteinase inhibitor to other known serum inhibitors of proteolytic-esterolytic enzymes. Human serum, although not possessing the highest titers, was chosen as the source used for isolation of the C. histolyticum proteinase inhibitor, since a number of human serum inhibitors have been identified (2, 11, 14) . 1 The presence of trypsin-inhibiting activity in partially purified preparations of the clostridial proteinase inhibitor was noted. The behavior of both these activities under a variety of experimental conditions was similar. Specific immune precipitation indicated that the clostridial proteinase inhibitor was an a2-macroglobulin.
MATERIALS AND METHODS Sera. Human blood was obtained from healthy donors by venipuncture and allowed to clot at room temperature for 1 to 2 hr and 4 C overnight. The sera were stored at -20 C. Sera from two individuals were used for the isolation of the clostridial proteinase inhibitor. Blood from animals in our laboratory colonies was allowed to clot in a similar manner and the sera were stored at -20 C. These sera were hemolyzed to different degrees. In addition, commercially prepared, pooled normal sera from different species were obtained from Hyland Laboratories, Los Angeles, Calif., Pel-Freeze, and Grand Island Biological Co., Grand Island, N.Y. The following antisera against human serum proteins were supplied by Hyland Laboratories: horse anti-whole human serum and goat antisera to a2-macroglobulin, a2-haptoglobin, ,B-lipoprotein, ceruloplasmin, 'yM immunoglobulin, yA immunoglobulin, and ,I1C/o IA-G globulin.
Inhibitor assay. The following method was used for measuring the inhibitory capacity of normal sera towards anti-C' proteinase(s) from C. histolyticum. It should be emphasized that more than one proteinase may be responsible for the anti-C' activity in the assay described below. The inhibitor might be reactive to-1969 LUZZATI, GOLDLUST, AND LEVINE wards more than one proteinase, but this point has not been clarified. The assay consists of three steps: (i) incubation of partially purified proteinase [or, more usually, commercial collagenase as the source of proteinase(s)] with various dilutions of sera, at 37 C; (ii) incubation of the inhibitor-proteinase mixture with C' at 0 C; (iii) measurement of residual hemolytic activity of the guinea pig C'. Appropriate controls containing proteinase, or inhibitor, or buffer alone with C' were included. From preliminary experiments, it was found that the inhibition by human serum was essentially complete after 2 min at 37 C. A 5-min incubation at 37 C was subsequently chosen for step 1 (Table 1 ). For the inactivation of C' (step 2), 90 min at 0 C was chosen, since, under these conditions, the amount of untreated proteinase used inactivates about 90% of the hemolytic activity of C' employed in the assay. For residual hemolytic activity measurement (step 3), the reaction mixtures were incubated with sensitized sheep erythrocytes (EA, 5 X 107/ml) at 37 C until the C' control (tube no. 8, (10) .
The assay procedure for inhibition of the trypsin anti-C' activity was identical to that described above for the clostridial proteinase, except that 1 to 1. All other reagents and procedures used were described in the previous report (5) .
RESULTS
The proteinase inhibitor titers in individual and pooled sera from different animal species are recorded in Table 2 . The rat consistently showed the highest titers. Within a species, e.g., in rat, significant variations in inhibitor levels were observed. The normal variation from day-to-day between titers of a particular serum sample (e.g., human) was 15%. Figure 3 (a and b) shows that both of these enzymes were inhibited. Trypsin inhibition was also found in hydroxylapatite preparations of inhibitor. Separation of the inhibitory activities directed against trypsin and clostridial proteinase in an hydroxylapatite preparation was attempted. The results of sucrose gradient centrifugation in isotonic Tris buffer, pH 7.4, are recorded in Fig.  4 . The sedimentation behavior of both inhibitory activities was similar. An approximate S20,,. value of 17 was obtained. Concentrated pools of fractions 11 and 12 from duplicate gradient centrifugation runs of partially purified inhibitor showed a precipitin band by immunodiffusion with anti-a2-macroglobulin, but not with the other antisera previously found to precipitate with this inhibitor preparation. When 0.3 ml of human serum (diluted one-third) was subjected to gradient centrifugation, an S20,w value of 15.3 was obtained. ;YTICUM PROTEINASE(S)
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The effect of heating on the inhibitory activities was examined. Trypsin and proteinase inhibitory properties, assayed from the same incubation mixtures, exhibited similar profiles of inactivation (Fig. 5) . After 10 min of incubation at 55 C, 50% of both inhibitory activities was lost. A DEAE cellulose-purified inhibitor preparation showed similar behavior. The clostridial proteinase inhibitor in whole human serum, however, was stable at 60 C for 20 min.
The sensitivity of the two inhibitory activities to f3-mercaptoethanol is shown in Fig. 6 . Separate samples of purified inhibitor: were incubated with various concentrations of the sulfhydryl compound at 37 C, followed by a 4-hr dialysis against two 2-liter changes of isotonic Tris buffer at 4 C. A 50% inactivation of both inhibitory activities was observed with 3.8 X 10-3 M -mercaptoethanol. Samples of purified inhibitor were incubated in buffers of varying pH at 37 C. After dialysis, Portions ofinhibitor (265 ug/me) in isotonic Tris buffer were incubated at the indicated temperatures for 10 min. After cooling to 0 C, the samples were assayed. each sample was then assayed for inhibition of clostridial proteinase and trypsin (Fig. 7) ; identical pH stability profiles of the inhibitor (with both enzymes) were obtained.
Specific precipitation by anti-a2-macroglobulin. Our observations, and those of others (14, 18) , suggested that the clostridial proteinase inhibitor being studied was an a2-macroglobulin. The relationship between this inhibitor and a2-macroglobulin was demonstrated by use of specific immune precipitation of the inhibitor by goat anti-a2-macroglobulin. Of 3 -mercaptoethanol sensitivity, and sucrose density ultracentrifugation. In addition, the immune precipitation of the clostridial proteinase inhibitor by anti-ce2-macroglobulin and the known trypsin binding property of this macroglobulin fraction (14, 18) indicated the protein identity of the inhibitory activities observed.
Although the a2-macroglobulin fraction contains both of the inhibitory activities (antitrypsin and antiproteinase), the possibility that the two inhibitors may be found in different subfractions of macroglobulin has not been eliminated. The approach of Ganrot (4) to demonstrate the identity of one trypsin-binding site and the plasmin-binding site on a2-macroglobulin might be used to answer the question of identity of trypsin-and clostridial proteinase-binding sites.
Since the present studies demonstrate inhibition by ca2-macroglobulin of a bacterial pro- 
